IMPORTANCE Differences in obesity by sex, age group, race and Hispanic origin among US adults have been reported, but differences by urbanization level have been less studied.
P revious reports have shown differences in the prevalence of obesity among adults in the United States by sex, age group, and race and Hispanic origin. In 2011-2014, non-Hispanic black women had a higher prevalence of obesity than non-Hispanic white and Hispanic women, whereas Hispanic men had a higher prevalence than non-Hispanic white men, but the prevalence among nonHispanic black men was not significantly different from non-Hispanic white men. Non-Hispanic Asian adults had the lowest prevalence of obesity among both men and women. 1 Differences in obesity trends by other demographic characteristics also have been reported. From 2005 to 2014, the prevalence of obesity among women increased from 35% to 40% and severe obesity increased from 7% to 10%, whereas among men, the prevalence of obesity increased from 33% to 35% and severe obesity increased from 4.2% to 5.5%, but the changes were not statistically significant. 2 Differences in the prevalence of chronic disease risk factors have been reported among adults living in rural areas compared with those living in urban areas. [3] [4] [5] [6] These studies, using both measured and self-reported weight and height, have found a higher prevalence of obesity among adults living in rural areas compared with urban areas of the United States. It is unclear whether these differences have changed over time.
The objectives of this analysis were to provide the latest 4-year estimates (2013) (2014) (2015) (2016) for the prevalence of obesity among US adults by sex, age group, race and Hispanic origin, education level, smoking status, and urbanization level. Among adults with obesity, those with severe obesity have even higher risks of obesity-related adverse health outcomes such as coronary heart disease 7 and end-stage renal disease 8 ; therefore, prevalence estimates for severe obesity also were examined. Trends in the prevalence of obesity among adults have been previously reported by sex, age group, race and Hispanic origin, and education level 2,9,10 ; using measured height and weight, this report adds trends by urbanization level from 2001 to 2016.
Methods
The National Health and Nutrition Examination Survey (NHANES) is a cross-sectional survey designed to monitor the health and nutritional status of the US population and has been conducted continuously since 1999. Data are released in 2-year cycles, with the most recent release for 2015-2016. Each NHANES cycle uses a stratified, multistage probability sampling design to produce a nationally representative sample of the US civilian, noninstitutionalized population.
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NHANES was approved by the National Center for Health Statistics (NCHS) research ethics review board. Adult participants provided written consent. The NHANES examination response rate for adults aged 20 years or older was 64% in 2013-2014 and 55% in 2015-2016; response rates for adults between 2001-2002 and 2011-2012 ranged between 65% and 73%. 12 NHANES consisted of interviews conducted in participants' homes and physical examinations conducted in mobile examination centers, in which height and weight were measured using standardized techniques. 13 Body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) was rounded to 1 decimal place. Obesity was defined as a BMI of 30 or greater and severe obesity was defined as a BMI of 40 or greater according to clinical guidelines. 14 Demographic variables included sex, age group, race and Hispanic origin, and education level because previous analyses have shown differences in the prevalence of obesity by these factors.
2,9,10 Participant age was categorized in the following age groups: 20 to 39 years, 40 to 59 years, and 60 years or older. Participants' self-reported race and Hispanic origin was categorized as non-Hispanic white, non-Hispanic black, nonHispanic Asian, Hispanic, or other (including multiple races). Data for the "other" category were included in the analyses of the entire population but the results for this category are not reported. Adjusted trend analyses between 2001-2002 and 2015-2016 included race and Hispanic origin categorized as non-Hispanic white, non-Hispanic black, Mexican American, or other due to NHANES sample design changes and for consistency across time. 11 The term race and Hispanic origin reflects the specific designation in NHANES. Participants' smoking status was categorized as never smoker (<100 cigarettes during lifetime), former smoker (≥100 cigarettes during lifetime but not currently smoking), or current smoker (currently smoke cigarettes every day or on most days). Education level was categorized as high school diploma or less, some college, or college graduate.
Level of urbanization was assigned based on the participant's county of residence (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) 
Key Points
Question During 2013-2016, were there differences in the prevalence of obesity and severe obesity by demographics and urbanization level among US adults?
Findings In this cross-sectional analysis that included 10 792 adults aged 20 years or older, differences were found in the prevalence of obesity and severe obesity by age group, race and Hispanic origin, and education level. The prevalence of obesity was significantly greater among women living in nonmetropolitan statistical areas (non-MSAs; 47.2%) compared with women living in large MSAs (38.1%), and the prevalence of severe obesity in non-MSAs was higher than in large MSAs among men (9.9% vs 4.1%, respectively) and women (13.5% vs 8.1%, respectively).
Meaning Differences in age group, race and Hispanic origin, education level, or smoking status were not related to the differences in the prevalence of obesity and severe obesity by urbanization level.
NCHS scheme was based on 4 metropolitan and 2 nonmetropolitan categories. The metropolitan categories included:
(1) large central metropolitan or counties in metropolitan statistical areas (MSAs) with a population of 1 million or more that contain all or part of the area's principal city; (2) large fringe metropolitan or counties in MSAs with a population of 1 million or more that surrounded the large central metropolitan counties; (3) medium metropolitan or counties in MSAs with a population of 250 000 to 999 999; and (4) small metropolitan or counties in MSAs with a population of less than 250 000. Nonmetropolitan, or the most rural areas, included: (1) micropolitan or counties in micropolitan statistical areas, which contained an urban cluster with 2500 to 49 999 inhabitants and (2) noncore or nonmetropolitan counties that did not qualify as micropolitan. The NCHS metropolitan categories were collapsed into the following 3 categories to increase the sample size and the degrees of freedom for the subgroup analysis: large MSAs (combined large central and fringe metropolitan counties); medium or small MSAs (combined medium and small metropolitan counties); and non-MSAs (combined micropolitan and noncore counties).
Statistical Analysis
Prevalence estimates of obesity and severe obesity and 95% CIs were calculated by sex, age group, race and Hispanic origin, education level, smoking status, and urbanization level for 2013-2016. Estimates were calculated for men and women separately because of known differences in patterns of obesity prevalence among adults by sex.
2,9,16
Adjusted prevalence ratios, adjusted differences, and Wald 95% CIs were calculated for men and women separately using logistic regression models that included age group, race and Hispanic origin, education level, smoking status, and urbanization level. 17 Tests of trend over the categories of age group, education level, smoking status, and urbanization level (and their associated P values) were calculated by including these as continuous variables in the logistic regression models. The analyses of trends in obesity and severe obesity from 2001-2002 to 2015-2016 by urbanization level were evaluated overall and for men and women separately. Obesity prevalence estimates by urbanization level from 2001 to 2016 were calculated using 4-year periods (2001-2004, 2005-2008, 2009-2012, and 2013-2016) to increase the stability and statistical reliability of the estimates. Linear and quadratic trends for age-adjusted obesity prevalence by urbanization level were tested using linear regression. The 2-year survey cycle was modeled as an orthogonal polynomial. Linear time trends by urbanization level were adjusted by age group, race and Hispanic origin, education level, and smoking status because these variables were associated with both obesity and urbanization level. 2, 6, 19 The linear regression estimate (β coefficient) for the continuous 2-year survey cycle can be interpreted as the average percentage point change every 2 years; the 95% CI and P value for this estimate also were calculated. The differences in the mean percentage point change in the prevalence of obesity and severe obesity were evaluated by testing the urbanization level × survey cycle interaction in the fully adjusted models.
The differences in obesity trends by urbanization level were further evaluated by examining changes in the distribution of BMI over time. Weighted and age-adjusted BMI distributions by sex, urbanization level, and period (2001-2004 vs 2013-2016) were calculated using local polynomial smoothing; statistical tests were not performed. The BMI distribution is presented as the probability density within the range of BMI in the actual data. The proportion of the population with a BMI within a given range is estimated by the area under the density curve within that range.
All analyses used sample weights for the NHANES physical examination that adjust for nonresponse, noncoverage, and unequal probabilities of selection. Four-year estimates were adjusted by age group using the direct method to the projected 2000 US census population.
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All variance estimates accounted for the complex sample design, which includes stratification and clustering in addition to weighting. The standard errors for prevalence estimates were calculated using Taylor series linearization and 95% CIs, and were constructed using the method by Korn and Graubard. 21 Effective sample size, absolute and relative 95%
CI width, and degrees of freedom were evaluated to determine the reliability of prevalence estimates.
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A 2-sided P value of .05 was used to assess statistical significance. No adjustments were made for multiple comparisons. The analyses were conducted using R version 3. 
Results
The ). An additional 77 adults with missing education level or smoking status were excluded from the trend analyses that adjusted for these variables. The sample sizes for men and women by age group, race and Hispanic origin, education level, smoking status, and urbanization level appear in Table 1 .
Prevalence estimates for obesity and severe obesity in 2013-2016 by demographic characteristics and urbanization level appear in Table 2 and the unweighted numbers appear in eTable 1intheSupplement. Among all adults, 38.9% (95% CI, 37.0% to 40.7%) had obesity and 7.6% (95% CI, 6.8% to 8.6%) had severe obesity (eTable 2 in the Supplement).
The age-adjusted prevalence of obesity was 36.5% (95% CI, 34.0% to 39.0%) among men and 40.8% (95% CI, 38.7% to 42.9%) among women. The age-adjusted prevalence of severe obesity was 5.5% (95% CI, 4.6% to 6.6%) among men and 9.8% (95% CI, 8.7% to 11.0%) among women. The prevalence estimates and unweighted numbers for obesity and severe obesity stratified by sex, race and Hispanic origin, and age group appear in eTables 2 and 3 in the Supplement.
The adjusted differences and the adjusted prevalence ratios for obesity and severe obesity by age group, race and Hispanic origin, education level, smoking status, and urbanization level appear in Non-Hispanic Asian men had a significantly lower ageadjusted prevalence of obesity compared with non-Hispanic white men (11.2% vs 36.2%, respectively; adjusted difference, −22.0 percentage points [95% CI, −25.1 to −18.9 percentage points]). However, the prevalence of obesity among nonHispanic black and non-Hispanic white men was not significantly different.
The age-adjusted prevalence of obesity was significantly higher among non-Hispanic black women compared with nonHispanic white women (55.9% vs 38.1%, respectively; adjusted difference, 16.9 percentage points [95% CI, 13.7 to 20.1 percentage points]). The age-adjusted prevalence of obesity was significantly higher among Hispanic women compared with non-Hispanic white women (48.9% vs 38.1%, respectively; adjusted difference, 8.3 percentage points [95% CI, 3.7 to 12.9 percentage points]). Non-Hispanic Asian women had a significantly lower age-adjusted prevalence of obesity compared with non-Hispanic white women (13.6% vs 38.1%, respectively; adjusted difference, −22.9 percentage points [95% CI, −26.5 to −19.3 percentage points]).
Men with some college education had a significantly higher age-adjusted prevalence of obesity than male college graduates (44.0% vs 30.0%, respectively; adjusted difference, 11.3 percentage points [95% CI, 6.0 to 16.6 percentage points]). However, the age-adjusted prevalence of obesity among men with a high school diploma or less was not statistically different from male college graduates.
There was a significant increasing linear trend in the prevalence of obesity with decreasing education level among women (P < .001). The age-adjusted prevalence of obesity was higher among women with some college compared with female college graduates (45.1% vs 29.3%, respectively; adjusted difference, 13.2 percentage points [95% CI, 9.7 to 16.7 percentage points]) and among women with a high school diploma or less compared with female college graduates (47.3% vs 29.3%, respectively; adjusted difference, 14.7 percentage points [95% CI, 10.7 to 18.7 percentage points]).
Men who currently smoked had a significantly lower ageadjusted prevalence of obesity compared with men who never smoked (31.1% vs 35.5%, respectively; adjusted difference, −6.8 percentage points [95% CI, −11.8 to −1.8 percentage points]). Men who were former smokers had a significantly higher age-adjusted prevalence of obesity compared with men who never smoked (40.2% vs 35.5%, respectively; adjusted difference, 4.1 percentage points [95% CI, 0.3 to 8.0 percentage points]). Among women, the prevalence of obesity did not differ significantly by smoking status.
There was a significantly increasing linear trend in obesity prevalence across the 3 categories of urbanization level from large MSAs to non-MSAs among both men and women (P = .03 for both). Men living in medium or small MSAs had a higher ageadjusted prevalence of obesity compared with men living in large MSAs (42.4% vs 31.8%, respectively; adjusted difference, 9.8 percentage points [95% CI, 5.1 to 14.5 percentage points]). However, the prevalence of obesity among men living in non-MSAs compared with men living in large MSAs was not significantly different (38.9% vs 31.8%, respectively; adjusted difference, 4.8 percentage points [95% CI, −2.9 to 12.6 percentage points]). b Adjusted using the direct method to the projected 2000 US census population using the age groups of 20-39, 40-59, and 60 years or older.
c Adjusted using multivariate logistic regression models that included all 5 characteristics in this Table. d For linear trend.
e Calculated as weight in kilograms divided by height in meters squared.
f The National Health and Nutrition Examination Survey includes race and Hispanic origin groups not shown separately. The prevalence of severe obesity did not differ significantly by age group among men. However, women aged 60 years or older had a significantly lower prevalence of severe obesity than women aged 20 to 39 years (7.2% vs 9.8%, respectively; adjusted difference, −2.8 percentage points [95% CI, −5.1 to −0.6 percentage points]).
Non-Hispanic black men had a significantly higher ageadjusted prevalence of severe obesity compared with nonHispanic white men (7.3% vs 5.6%, respectively; adjusted difference, 2.3 percentage points [95% CI, 0.3 to 4.4 percentage points]). Non-Hispanic black women had a significantly higher age-adjusted prevalence of severe obesity compared with non-Hispanic white women (15.5% vs 9.4%, respectively; adjusted difference, 6.3 percentage points [95% CI, 3.5 to 9.0 percentage points]). Non-Hispanic Asian men had a significantly lower age-adjusted prevalence of severe obesity compared with non-Hispanic white men (0.4% vs 5.6%, respectively; adjusted difference, −4.9 percentage points [95% CI, −6.4 to −3.4 percentage points]). Non-Hispanic Asian women had a significantly lower age-adjusted prevalence of severe obesity compared with non-Hispanic white women (0.3% vs 9.4%, respectively; adjusted difference, −8.8 percentage points [95% CI, −10.5 to −7.1 percentage points]). However, among men and women there was no significant difference in the prevalence of obesity between non-Hispanic and Hispanic adults.
Men with some college had a higher age-adjusted prevalence of severe obesity compared with men who were college graduates (7.7% vs 3.8%, respectively; adjusted difference, 3.0 percentage points [95% CI, 0.8 to 5.2 percentage points]). Women with some college had a higher age-adjusted prevalence of severe obesity compared with women who were college graduates (12.2% vs 6.6%, respectively; adjusted difference, 4.2 percentage points [95% CI, 0.9 to 7.6 percentage points]). However, among men and women, there was no significant difference in the prevalence of severe obesity between those with a high school diploma or less and those who were college graduates.
The prevalence of severe obesity did not vary by smoking status among men or women. The prevalence of severe obesity showed a significant linear increase among both men and women across the 3 urbanization level categories from large MSAs to non-MSAs (P < .001 for men and P = .004 for women).
The age-adjusted prevalence of severe obesity was significantly higher among men living in medium or small MSAs compared with men living in large MSAs (6 At all levels of urbanization, there were significantly increasing trends in the age-adjusted prevalence of obesity and severe obesity from 2001-2004 to 2013-2016 (P < .001 to P =.03 for linear trend), except that the increase in severe obesity among men living in medium or small MSAs was not statistically significant (P = .20 for linear trend) ( Table 3 and eFigures 1-4 in the Supplement). Trends were very similar in both the age-adjusted and fully adjusted models. There were no significant quadratic trends in any age-adjusted or fully adjusted model.
The prevalence of obesity increased at similar rates for both men and women at all urbanization levels (range, 0.8-1. 
Discussion
The prevalence of obesity and severe obesity increased with decreasing level of urbanization from large MSAs to medium or small MSAs and non-MSAs. This pattern was seen among both men and women. The prevalence of obesity and severe e Calculated using linear regression models adjusted for age only.
f From linear regression models that include the 2-year cycle of the National Health and Nutrition Examination Survey as a continuous variable and adjusted for age, race or Hispanic origin, education level, and smoking status.
g The β estimate can be interpreted as the fully adjusted average percentage point change in prevalence every 2 years.
h The β estimate varied significantly by urbanization level among men (P = .02 for interaction).
Research Original Investigation
Obesity Prevalence by Demographic Characteristics and Urbanization Level in US Adults, [2013] [2014] [2015] [2016] obesity also varied by age group, race and Hispanic origin, education level, and smoking status, often with different patterns by sex. Shifts in BMI distribution between 2001-2004 and 2013-2016 toward the upper end are most evident among adults living in non-MSAs. The differences in the prevalence of obesity and severe obesity by urbanization level were not explained by demographic characteristics and smoking status.
The differences in the prevalence of obesity by urbanization level in the United States have been examined in previous studies. [3] [4] [5] [6] 24, 25 However, the results are difficult to compare because of differing classification schemes for urbanization level and differences in obesity assessment. Many studies have reported differences using self-reported weight and height, 4, 5, 25 which are known to underestimate obesity prevalence, 26 and others have used measured height and weight. 3, 6 Previous reports 3, 6 based on NHANES data from [2005] [2006] [2007] [2008] reported that differences in the prevalence of obesity between urban and rural areas were independent of daily energy intake, percentage of calorie intake from fat, physical activity, and marital status. However, a study 24 based on earlier NHANES data (1976) (1977) (1978) (1979) (1980) concluded that urban-rural differences in the prevalence of obesity were largely explained by age group, education level, and parity among women, and age group and marital status among men. 
Limitations
This study has several limitations. First, BMI is an indirect measure of adiposity and health risk. The level of adiposity Second, NHANES was not designed to provide estimates for individual urbanization levels. As a result, estimates for medium or small MSAs or non-MSAs are based on smaller sample sizes and fewer degrees of freedom, leading to imprecise estimates of standard errors. 22 The analysis of population subgroups within medium or small MSAs or non-MSAs also is limited.
Third, although sampling weights adjust for nonresponse, residual bias may remain due to incomplete nonresponse adjustment and may vary with changing response rates.
Conclusions
In this nationally representative survey of adults in the United States, the age-adjusted prevalence of obesity and severe obesity in 2013-2016 varied by level of urbanization, with significantly greater prevalence of obesity and severe obesity among adults living in nonmetropolitan statistical areas compared with adults living in large metropolitan statistical areas. Obesity prevalence (%)
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